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QUESTION 1 [20 marks] 


(a) 


(b) 


(c) 


(d) 


(e) 


(i) Normalize the wavefunction y(x) = a* —ax over the interval 0< x<a. 


2 


(ii) Consider the operators Doan Is y(x)=Ae“*+Be“" an 


dx ae 


eigenfunction of the operators? Ifso, what are the eigenvalues? 


Useful Information 
1. A, B and k are constants and i is the imaginary unit. In terms of 
differentiation of the function with respect to x you can think of i as 


behaving like as a constant and that i? =-1. 


d : ; 
2. —x" =nx""', where n is a constant 
dx 
The cyclopropenyl cation, C3H3*, is planar with the carbon atoms, and the 


hydrogen atoms, being located at the vertices of an equilateral triangle. 


(i) Identify the principal axis, and any other rotation axes. 


(ii) Identify any mirror planes, classifying them as o,,, o,, or o,. 


(iii) The molecule also possesses a three-fold axis of improper rotation; 
identify the position of the axis. 


(iv) To which point group does this molecule belong? 


For O2, explain how the Ie, and lo,, molecular orbitals are formed. Provide a 


sketch what these molecular orbitals would look like. 


Explain why it is that an endothermic process can be spontaneous provided 
(i) it is accompanied by an increase in the entropy of the system, and 


(ii) the temperature exceeds a particular value. 


Use the idea of overlapping bands to rationalize why both lithium and beryllium 
are metallic conductors, and why the enthalpy of vaporization of beryllium 
(found to be 324 kJ mol’) is significantly greater than that of lithium (found to be 
159 kJ mol’). 
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QUESTION 2 [10 marks] 


(a) Calculate the angular momentum a particle described by the wavefunction 


f(¢) =e", where ¢ is the angular position. 


Useful information 


d 
di Sie = (4 0) ef and —x" =nx""', where n is a constant. 
dx dx dx 


Se eae 
2. The angular momentum operator is hi dp where /h is Plancks constant and i 


is the imaginary unit (i* = —1). 


(b) What is the probability, P, of locating a particle in its lowest energy state, n = 1, 
and in the middle third of a box of length L? The wavefunction for the 1- 


dimensional ‘particle in a box’ model is: 


NIX 


- 
xX)=.,/—sin 
Y,, (x) is 


Useful Information: 


b ‘ b 
; x sin 2cx : 
1. i) sin? cx dx = “a , where c is a constant. 
Cc 
a a 


2. sin(nz) =0, where n is an integer 


QUESTION 3 [10 marks] 

(a) We argued that in H2 the atoms are held together as a result of the build-up of 
electron density along the internuclear axis. However, in LiF there is practically 
no such build up. What, then, holds the atoms in LiF together, and in what way is 
this different to H2? 


(b) Use molecular orbital diagrams to rationalize why He is an unknown species, 


but the ion He; has been observed. Make what predictions you can about the 


ability of the ions He;* and H> with respect to dissociation. 
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QUESTION 4 [10 marks] 
(a) Construct an MO diagram for the molecule, F-H-F. The F 2s orbital is at -43 eV, 
the F 2p orbitals are at -20 eV, and the H 1s orbital is at -14 eV. 

HINT - Take the F-H-F internuclear axis to be the z-axis, and use symmetry adapted 
orbitals (SO) for the F contribution to the MO’s. 

(b) Sketch the form of the MO’s 

(c) Indicate on your MO diagram which MO’s will be occupied. 


QUESTION 5 [15 marks] 
A sample consisting of 2.00 mol of a perfect gas, He is expanded isothermally at 


22°C from 22.8 dm? to 31.7 dm* 
(a) reversibly 


(b) against a constant external pressure equal to the final pressure of the gas, 


and 
(c) freely (against zero external pressure). 
For the three processes calculate the values of q, w, AU, AH, AS, ASsurr, and AStot. 


Data: 1 J=1 Pam’; R= 8.3145 JK! mol’; 1.00 atm = 101 kPa 


QUESTION 6 [5 marks] 
Consider the equilibrium in which solid calcium carbonate decomposes to the oxide 
plus carbon dioxide 

CaCO3(s) = CaO(s) + CO2(g) 
(a) Write down the equilibrium constant of this reaction in terms of the partial 


pressure of CO. 


(b) The standard Gibbs energy of reaction A,G° is 51.0 kJ mol’. Calculate the 
equilibrium pressure of CO at 900 K. 
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QUESTION 7 [10 marks] 
(a) Either construct a Born-Haber cycle or write down each of the reactions steps that 


would allow the calculation of the lattice energy for BaCl2 using Hess’s law. 


(b) Give a definition of lattice energy. The lattice energy for BaCl» is —-2050 kJ mol 


' Does your definition agree with the negative sign for this lattice energy? 
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